Evaluation of Concrete Deterioration through Artificial Neural Networks based Systems by Gomes, Guida et al.
Keywords—Artificial Neuronal Networks, Concrete Degradation,
Knowledge Representation and Reasoning, Logic Programming.
Abstract—The deterioration of concrete structures is one of the 
major concerns of our society. Indeed, concrete is a relatively 
sensitive material, which degrades throughout time. Factors like age, 
use, periodic maintenance, type of environmental exposure and 
aggression by biological, chemical, mechanical and physical agents 
are important to determine the level of degradation of the concrete 
structures. Logic Programming was used for knowledge representation
and reasoning, letting the modeling of the universe of discourse in 
terms of defective data, information and knowledge. Artificial Neural 
Networks were used in order to evaluate the deterioration of concrete 
structures and the degree of confidence that one has on such a 
happening.
I. INTRODUCTION
ESPITE its ancient origin, concrete is considered a modern 
material used in the majority of today’s constructions. 
Concrete is a composite material formed by coarse granular 
material (the aggregate or filler) embedded in hard matrix of 
material (the cement or binder) that fills the space among 
aggregate particles and glues them together [1]. Concrete 
exhibits high compressive strength but a low tensile one. To 
avoid this weakness concrete is usually reinforced with 
materials like steel, which in turn gives rise to other problems 
like corrosion. Concrete has a very low coefficient of thermal 
expansion and shrinks as it matures. All concrete structures 
will crack to some extent, due to shrinkage and tension [2]. 
Another fundamental limitation of concrete is that it is very 
sensitive to the conditions in which it is mixed and applied. 
There are a large number of variables that affect the concrete 
quality. The lack of attention given to these variables makes 
concrete more vulnerable and it has been the reason why the 
service lifespan of many contemporary concrete structures has 
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been unexpectedly short [3]. Concrete is a relatively sensitive 
material that degrades throughout time, i.e. even if it is well 
made, sooner or later the defects, which define the 
deterioration, will appear. For this reason, concrete structures 
suffer a natural aging caused by the environment (e.g. rain, 
sun, pollution, wind) and by normal use.
The deterioration of concrete structures can be categorized 
in different ways (e.g. in terms of damage types, causes, 
mechanisms of attack, frequency of defects, financial loss or 
cost of repair [4]). The present study adopts a classification 
based on the causes of attack. Thus, the causes of attack are
grouped in four main families, namely chemical, physical, 
biological and mechanical factors as illustrated in Fig. 1.
Fig. 1 Origins of the deterioration of concrete structures
The chemical factors include the chemical reactions causing 
deterioration of concrete structures like carbonation, chloride
attack, effects of acids and sulphates and alkali-aggregate 
reactions. The physical factors include freezing-thawing 
cycles, shrinkage and cracking and exposure to temperature 
extremes such as freezing or fire. The biological factors 
include the effects of biological agents like microorganisms,
fungi, algae and moss. Finally the mechanical factors include 
abrasion, erosion and cavitation.
Carbonatation occurs due to the penetration of atmospheric 
carbon dioxide into the concrete. In contact with the pore water,
the carbon dioxide produces carbonic acid that reacts with 
calcium hydroxide, creating a slightly less alkaline environment
for the reinforcement rods. The passivating film is neutralised 
and the rods are exposed to aggression by the oxygen.
The aggression by chlorides occurs when concrete is in 
contact with environments with high chloride content like 
seawater or de-icing salts or if concrete was prepared using 
contaminated raw materials. Chlorides attack the passivating 
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